Many developing countries and regions are currently facing serious water environmental problems, especially the lack of monitoring systems for medium-to small-sized watersheds. The load duration curve (LDC) is an effective method to identify polluted waterbodies and clarify the point sources or non-point sources of pollutants. However, it is a large challenge to establish the LDC in small river basins due to the lack of available observed runoff data. In addition, the LDC cannot yet spatially trace the specific sources of the pollutants. To overcome the limitations of LDC, this study develops a LDC based on a distributed hydrological model of the Soil and Water Assessment Tool (SWAT).
INTRODUCTION
Total maximum daily load (TMDL) of pollutants is employed to quantify total assimilative loads, to identify impaired waterbodies, to build the regulatory benchmarks for water quality control, and to improve the water environment by formulating best management practices (BMPs) (Bonta ) . After the official approval of TMDL by the Clean Water Act in the United States in 1972, this method has rapidly developed and is widely used throughout the world. Allowable loads of pollutants based on the relevance of pollution source and water quality are an important aspect of the TMDL planning process (US EPA ). It is necessary to consider the seasonal variations of water quality for specific pollutants. The load duration curve (LDC) is an effective visualized analytical tool for TMDL to present water quality data, which can describe the water environmental situation and patterns of impairment. It is also a simple, straightforward, and useful way to address assimilative capacity, which is significantly affected by flow (Shen & Zhao ). Cleland (, ) expounded the significance and relative theory of LDC. Cheng () and Johnson et al. () applied this method in the Erhai and Texas basins, respectively, to estimate pollutant capacity and identify impaired waterbodies. Chen et al. () proposed an However, applications and studies of LDC are quite limited in developing countries and regions, where monitoring systems are not perfect or there is even a lack of monitoring.
Usually, developing regions are relatively backward in economic development, or their remote geographical location is not conducive to development. With economic development, these areas inevitably suffer from water environmental sacrifice. In order to develop both the environment and economy, it is necessary to undertake serious monitoring of water quality to facilitate water environmental management. The challenges faced are technical difficulties, hard monitoring conditions, economic constraints, and so on, which lead to the lack of monitoring sites to provide observed data. Water quality monitoring equipment is expensive, and conventional water quality monitoring needs to monitor multiple sections twice a month, which results in economic burdens to the developing regions for this timeconsuming, laborious, and costly task. For rivers located in plateaus, alpine areas, and remote mountainous areas with sparse populations and inconvenient transport, data monitoring is so difficult that monitoring frequency is low or there is no monitoring. Also, for special water bodies, such as those with large sediment content, ice, and other harsh water conditions, water quality monitoring technology is inadequate, which increases the difficulty of data monitoring. agricultural practices or other human activities. These curves can only be used as a guide for the efforts of pollutant load reduction in a watershed, while they are not suitable to conduct BMPs. LDCs only consider the process of dilution water, using just hydrological data, and ignore hydraulic data such as velocity, section channel shape, slope, roughness, and discrete coefficient, etc. (Alexander et al. ) .
The capacity distribution characteristics of a river reach can be investigated directly from LDCs, since flow plays a significant role in determining the contaminant load.
Lastly, the assimilative capacity is calculated by LDCs at specific sections corresponding to the flow. The flow of the section is influenced by inflowing water in the upstream of the watershed, and the assimilative capacity at the section is an accumulative value, which is the sum of the whole river reach/control units of the upstream section. If the river crosses different administrative areas, the problem of ecological compensation may be involved. Thus, the governments of relative regions need to be clear about the assimilative capacity of the river reach/control units, and the inflow and outflow loading of their jurisdiction. Therefore, the contradiction between the whole and part reach/control units assimilative capacity arises. Due to the above challenges, practitioners should consider supplementing LDCs with other tools, i.e., water quality models or hydrological models based on physical processes (Park & Roesner ) . The introduced tool should be employed to assess allocation scenarios, track pollutant sources or source categories, and evaluate the effectiveness of restoration. Currently, there is wide utiliz- 
METHODOLOGY Development of LDCs
The LDC method has been widely used in total pollution control in the United States (Singh et al. ) . LDC represents pollutant loading capacity, which is the greatest amount of loading that an upstream water at a specific site or a cross section of the river can receive without violating water quality standards at different flow regimes (Lacy ) . Using LDCs to realize dynamic management is an important technology in the TMDL plan. The LDC approach is a visual tool that delineates the assimilative capacity and water quality data at different flow zones.
By using the developed LDC framework, the maximum allowable loading, the frequency and magnitude of water quality standard exceedances, and the decrement of contaminant load become more obvious and better understood. There are some advantages of LDCs that consider the hydrologic condition of watersheds, enhance assessments of pollutant sources, and provide a meaningful relation between allocations and management targets. Step 1. Create the FDC of the control section in a river basin. The FDC can be built by ranking the flow discharge Q from the highest to the lowest according to the flow data. In the data-scarce area, Q can be generated by a hydrological model such as the SWAT model.
Step 2. Change FDC into LDC. In lieu of flow in FDC, the ordinate of the vertical axis is expressed in terms of contaminant load (t/month). The allowable load equals the permitted pollutant concentration of the corresponding control section, multiplying by each ordinate of FDC. Use allowable load and the corresponding guarantee rate of one-to-one relation to create the allowable load frequency curve and then get a LDC curve.
Step 3. Add the upstream LDC into the current LDC of the control section to get the assimilative load capacity.
There is a shaded part between LDCs of the upstream and current control section, which is the assimilative capacity of the river reach/control unit.
Step 4. Control and allocation of total pollutant amount.
Plot the monitored contaminant load on the graph of LDCs.
By comparing the location between the measured load and the allowed load in the current LDC, we can judge current water quality status in the specific site of a river. If the current pollutant load is located above the LDC, which means current load exceeds the allowed load according to the water quality criterion, the control of the load is necessary and the exceeded load should be allocated.
SWAT model
The SWAT model, developed by USDA-ARS (Knisel ), 
Schemes of allocation
Schemes of allocation mean to distribute or apportion those portions of a water's loading capacity or the exceedance of permitted pollutant load among the point sources, nonpoint sources, and natural background based on their contribution to the pollution. They are also basic criteria for water quality standards to be guaranteed by LDCs. The loading capacity or assimilative capacity closely relates to flow condition in different seasons, so it is easy to diagnose the dominant contributing sources of pollutants.
To maintain the water quality in a river, it is necessary to find out where the pollutants come from. However, to trace the origins or the transportations of pollutants into the river are added to the model to simulate the crop growth according to the growth law of the crop in the form of fertilization operation, as shown in Table 1 .
The major contaminants of the area are total phosphorus (TP). Water quality data of six WQM sections (Chayuan, Duchuanbao, Xiaoweizhai, Youhang, Yingpan, Jiadeng) were obtained from the Environmental Protection Bureau of Duyun, as shown in Figure 5 . The WQM data are not synchronous for these sections. Some sections just have three water period values every year, which means the water quality for July, November, and March represents the high water period, the flat water period, and the low water period (details of data are shown in Table 2 ). Due to Duchuanbao and Xiaoweizhai sections having no data corresponding to flow data, the two sections are not involved in the establishment of the SWAT model. Due to this limitation of available data, the accuracy of established LDCs will be constrained. 
Division of control unit
In order to address spatial variations in pollutant loading capacity or assimilative capacity and make a more purposeful protection scheme for the water environment, the watershed is first divided into smaller units, and then the total loads' allocation is carried out. The principle of div- However, water quality data of Chayuan, Yingpan, and Jiadeng WQM sections only encompass three water periods The parameters for calibration are selected by their sensitivity ranking, and finally the top six parameters with high sensitivity are determined, as shown in Table 3 . Table 5 . For Youhang section, under the wet condition, more than 90% reduction is achieved by cutting non-point source pollutant and only part of the point source needs to be reduced for Yingpan.
RESULTS AND DISCUSSION

Results of SWAT model calibration and validation
Analysis of pollutant sources and characteristics of spatial distribution
The LDCs identify the assimilative capacity of water environment based on different flow conditions. According to the shaded part between curves of upstream and downstream, the assimilative capacity of the units is dynamic under different flow duration intervals. With the above calculation method, the capacity of each control unit can be obtained. Details are as shown in Table 6 .
The contribution of non-point source pollution to the waterbody increases during the flood season. Mainly due From Figure 8 we can see that the reservation unit encounters the most serious threat of TP pollution. According to the survey, the agricultural acreage of the control unit is relatively large, so the human activities bring about the greater pollution. In contrast, the production of TP in the water source protection unit is the lowest, because the control unit is mainly the Doupeng mountain scenic area, which is largely covered with forest, and where the population is scarce and the pollution source is small. (1) Development of the LDC system in data-scarce watersheds based on a distributed hydrological model can negate the limitation of insufficient data, and can also subdivide the pollutant sources and provide the basis for the planning and management of water environment in a data-scarce region.
(2) According to the results of the model output, we can trace back to the sources and find the source of pollutants, which is conducive to reducing pollutants and defining corresponding BMPs from the source. 
